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OBJECTIVE — Circulating levels of NH 2 -terminal probrain natriuretic peptide (NT- 
proBNP), a marker of acute heart failure, are associated with increased risk of cardiovascular 
disease (CVD) in the general population. However, there is little information on the potential role 
of NT-proBNP as a biomarker of vascular complications in type 1 diabetic patients. We inves- 
tigated whether serum NT-proBNP levels were associated with micro- and macrovascular disease 
in type 1 diabetic subjects. 

RESEARCH DESIGN AND METHODS— A cross-sectional nested case-control study 
from the EURODIAB Prospective Complications Study of 507 type 1 diabetic patients was 
performed. Case subjects (n = 345) were defined as those with one or more complications of 
diabetes; control subjects (n = 162) were those with no evidence of any complication. We 
measured NT-proBNP levels by a two-site sandwich electrochemiluminescence immunoassay 
and investigated their associations with complications. 

RESULTS — Mean NT-proBNP levels were significantly higher in case than in control subjects. 
In logistic regression analyses, NT-proBNP values >26.46 pg/mL were independently associated 
with a 2.56-fold increased risk of all complications. Odds ratios of CVD (3.95 [95% CI 1.26- 
12.35]), nephropathy (4.38 [1.30-14.76]), and distal symmetrical polyneuropathy (4.32 [1.41- 
13.23]) were significantly increased in patients with NT-proBNP values in the highest quartile 
(>84.71 pg/mL), independently of renal function and known risk factors. These associations 
were no longer significant after inclusion of TNF-a into the model. 

CONCLUSIONS — In this large cohort of type 1 diabetic subjects, we found an association 
between NT-proBNP and diabetic micro- and macrovascular complications. Our results suggest 
that the inflammatory cytokine TNF-a may be involved in this association. 
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NH 2 -terminal probrain natriuretic 
peptide (NT-proBNP) is the inactive 
molecule resulting from cleavage of 
brain natriuretic peptide prohormone ( 1 ) . 
Circulating NT-proBNP levels are used 
for screening, diagnosis, and prognostic 
assessment of patients with acute decom- 
pensated heart failure (2) and correlate 
with left ventricular dilatation, remodel- 
ling, and dysfunction (3). 

Recent studies have shown that NT- 
proBNP is strongly associated with risk of 
cardiovascular disease (CVD) in both 
high-risk patients with established CVD 
and the general population (4,5). Diabe- 
tes is associated with a greatly increased 
risk of vascular complications, which can- 
not be completely accounted for by con- 
ventional risk factors. However, there is 
relatively little information on the poten- 
tial role of NT-proBNP as a biomarker of 
micro- and macrovascular complications 
in type 1 diabetes. A prospective study 
has shown that NT-proBNP levels are el- 
evated in type 1 diabetic patients with 
overt diabetic nephropathy and that NT- 
proBNP is an independent predictor of 
the excess overall and cardiovascular mor- 
tality in these patients (6). In addition, a 
recent cross-sectional study in long-term 
surviving type 1 diabetic patients reported 
that higher NT-proBNP values were inde- 
pendently associated with altered monofil- 
ament test, history of macrovascular 
disease, and albuminuria, assessed by mea- 
surement of albumin only in a spot urine 
sample (7). 

Whether NT-proBNP is a marker of 
early microvascular complications remains, 
thus, unclear. This hypothesis is, however, 
supported by the observation that en- 
hanced cellular stretch and hypoxic con- 
ditions, which play a key role in the 
pathogenesis of diabetic microangiopathy, 
are also a potent inducer of NT-proBNP in 
cardiomyocytes (8,9). Moreover, in type 1 
diabetes, circulating levels of inflamma- 
tory cytokines are independently associ- 
ated with vascular complications (10), 
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and recent studies have shown that car- 
diac NT-proBNP production is modulated 
by tumor necrosis factor (TNF)-a both in 
vitro and in vivo (11,12). 

The aim of the current study was to 
test whether high serum NT-proBNP levels 
increased odds ratios (ORs) of micro- and 
macrovascular complications in a nested 
case-control sample of type 1 diabetic in- 
dividuals from the EURODIAB Prospective 
Complications Study (PCS) and whether 
markers of inflammation, cellular stress, 
and endothelial injury play a role in poten- 
tial associations. 

RESEARCH DESIGN AND 
METHODS— The EURODIAB PCS 
(1997-1999) is a follow-up of the 
EURODIAB IDDM Complications Study 
(1989-1991), which was designed to ex- 
plore risk factors for diabetes complica- 
tions in 3,250 randomly selected people 
with type 1 diabetes, aged 15-60 years, at- 
tending 31 diabetes centers in 16 European 
countries (13,14). 

A cross-sectional nested case-control 
study was designed at the follow-up 
examination (10,15-19). Case subjects 
were selected to have the greatest compli- 
cation burden possible in order to provide 
sufficient numbers for subgroup analyses. 
Thus, case subjects were all those with 
CVD, proliferative retinopathy, or micro- 
and macroalbuminuria at follow-up. 
Control subjects were selected to be com- 
pletely free of complications. This design 
allowed us to compare individuals with 
single or multiple complications with in- 
dividuals free of complications, according 
to the study question, as efficiently as pos- 
sible. Applying these criteria yielded 345 
case and 162 control subjects with full 
data on complications and samples avail- 
able for analyses. 

Patient evaluation for the presence of 
cardiovascular risk factors (hypertension, 
BMI, waist-to-hip ratio (WHR), smoking, 
cholesterol, triglycerides, and HbA lc ) has 
previously been described (10,19). Reti- 
nopathy was graded according to the 
EURODIAB protocol (20). Albumin excre- 
tion rate (AER), assessed on two 24-h urine 
collections by immunoturbidimetric me- 
thod, was categorized as normoalbuminuria 
(<20 |xg/min), microalbuminuria (20-200 
(xg/min), and macroalbuminuria (&200 
(xg/min). Estimated glomerular filtration 
rate (eGFR) was determined using the 
four-component abbreviated equation 
from the Modification of Diet in Renal 
Disease study (21). Subjects with an 
eGFR <60 ml/min/1.73m were defined 



as having chronic kidney disease. Pulse 
pressure and proportional pulse pressure 
were defined as follows, respectively: 
systolic blood pressure — diastolic blood 
pressure and 100 X (systolic blood 
pressure — diastolic blood pressure/ 
systolic blood pressure). Distal symmetrical 
polyneuropathy (DSP) was diagnosed 
based on J) presence of one or more neu- 
ropathic symptoms, 2) absence of two 
or more ankle or knee reflexes, and 3) ab- 
normal vibration perception threshold, 
measured by centrally calibrated 
biothesiometers (Biomedical, Newbury, 
OH) on the right big toe and on the right 
medial malleolus. CVD was defined as 
physician-diagnosed myocardial infarc- 
tion, angina, coronary artery bypass graft, 
or stroke and/or ischemic changes on cen- 
trally Minnesota-coded electrocardio- 
gram. Left ventricular hypertrophy 
(LVH) was defined by the electrocar- 
diogram (ECG) Cornell voltage-duration 
product criterion (RaVL 4- SV3 X QRS 
duration) >2,623 mm X ms in men and 
> 1558.7 mm X ms in women as we have 
previously described (22). Data on ECG- 
LVH were available in 467 subjects (92% 
subjects: 90.7% case and 92.5% control). 

Serum NT-proBNP levels were mea- 
sured by a two-site sandwich electroche- 
miluminescence immunoassay (Elecsys 
proBNP II; Roche Diagnostic, Mannheim, 
Germany), using a Modular Analytics Evo 
analyzer with an El 70 module (Roche). 
Briefly, samples were incubated with 
both a biotinylated monoclonal anti- 
NT-proBNP antibody and a monoclonal 
anti-NT-proBNP antibody labeled with a 
ruthenium complex to form a sandwich 
complex. Streptavidin-coated microparti- 
cles were added to bind the complex to 
the solid phase via interaction of biotin 
with streptavidin. Microparticles were 
magnetically captured onto the surface of 
the analyzer electrode, and application of a 
voltage to the electrode induced chemilu- 
minescent emission, which was measured 
by a photomultiplier. The intra-assay coef- 
ficient of variation was <3.0%, and total 
coefficient of variation ranges were be- 
tween 2.2 and 5 .8% in low and high ranges 
of NT-proBNP. 

Soluble vascular cell adhesion mole- 
cule (sVCAM)-l, soluble E-selectin (s-E- 
selectin), interleukin (IL)-6, TNF-a (10), 
heat shock protein 27 (HSP27) (17), and 
anti-HSP70 antibodies (16) were mea- 
sured by commercially available ELISA 
(R&D Systems, Oxon, U.K.) (HSP27; Cal- 
biochem, San Diego, CA) (anti-HSP70 anti- 
bodies; Stressgen Biotechnologies) and 



plasma levels of C-reactive protein (CRP) 
using a highly sensitive in-house ELISA 
(10). Plasma homocysteine was deter- 
mined with an automated fluorescence 
polarization immunoassay on an Abbott 
IMx analyzer (Abbott Laboratories) (23). 

Statistical analysis 

Variables distributed normally are pre- 
sented as means (SD), while variables with 
skewed distribution were analyzed after 
logarithmic transformation (NT-proBNP, 
triglycerides, AER, creatinine, CRP, IL-6, 
TNF-a, sVCAM, s-E-selectin, homocys- 
teine, HSP27, and anti-HSP70) and results 
presented as geometric means (interquar- 
tile range). Logistic regression analysis was 
used to estimate the ORs of NT-proBNP 
for any complication (AER >20 (xg/min, 
retinopathy, neuropathy, and CVD), inde- 
pendently of confounders and known risk 
factors. Both backward and forward strat- 
egies, examining all potentially explanatory 
variables, were used to select models. The 
likelihood ratio test was used to compare 
nested models examining the role of age, 
sex, diabetes duration, BMI, WHR, HbA lc , 
blood pressure, lipids, AER, CRP, IL-6, 
TNF-a, homocysteine, s-E-selectin, sVCAM, 
HSP27, anti-HSP70, smoking, and ECG- 
LVH. Analyses were hypothesis oriented 
and did not use stepwise regression 
(24). Variables were retained in the final 
model if they added significantly to the 
likelihood of models or to the estimated 
coefficients of predictors. In light of 
the hypothesis of a different role of NT- 
proBNP in the pathogenesis of different 
complications, logistic regression models 
were also fitted separately for each com- 
plication. To assess pattern of ORs across 
increasing NT-proBNP values, NT-proBNP 
values were categorized by the quartile 
distribution in control subjects. We tested 
for linear trends across quartiles by 
entering a single ordinal term into the 
models. 

RESULTS — The study population (n = 
507) had a mean age of 39.6 years, a di- 
abetes duration of 21.5 years, and an 
equal proportion of men and women. As 
we have previously reported (16,17), 
those with vascular complications had a 
more adverse risk factor profile than con- 
trol individuals (Table 1). Of the 345 case 
subjects, nephropathy was present in 193 
(23.3% microalbuminuria and 32.8.3% 
macroalbuminuria), retinopathy in 276 
(background 39.3% and proliferative 
42.9%), and DSP in 196 (54.8%). Most 
people, however, had more than one 
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Table 1 — Characteristics of the 507 type 1 diabetic subjects recruited in cross-sectional 
nested case-control study of the EURODIAB PCS 





Case subjects 


Control subjects 


P 


n 


345 


162 




Age (years) 


41.5 ± 10.6 


35.6 ± 7.8 


<0.0001 


Diabetes duration (years) 


24.4 ± 9.42 


15.3 ± 6.7 


<0.0001 




BMI (kg/m 2 ) 


25.0 ± 3.5 


23.7 ± 2.6 


<0.0001 


WHR 


0.89 ± 0.12 


0.88 ± 0.17 


0.53 


HbA lc (%) 


8.9 ± 1.6 


7.7 ± 1.2 


<0.0001 


DBP (mmHg) 


76.1 ± 11.6 


73.8 ± 10.7 


0.03 


Hypertension (%) 


54.5% 


13.7% 


<0.0001 


Total cholesterol (mmol/L) 


5.45 ± 1.18 


4.91 ± 1.09 


<0.0001 


LDL cholesterol (mmol/L) 


3.60 ± 1.11 


3.06 ± 0.98 


<0.0001 


HDL cholesterol (mmol/L) 


1.61 ± 0.44 


1.66 ± 0.43 


0.18 


Triglycerides (mmol/L) 


1.21 (0.83-1.59) 


0.85 (0.67-1.11) 


<0.0001 


CRP (mg/L) 


1.24 (0.49-2.88) 


0.78 (0.37-1.75) 


0.0001 


IL-6 (pg/mL) 


2.47 (1.34-3.89) 


1.73 (1.09-2.50) 


<0.0001 


TNF-a (pg/mL) 


3.23 (2.37-4.24) 


2.15 (1.67-2.81) 


<0.0001 




Amadori albumin (units/mL) 


47.0 ± 13.5 


42.2 ± 12.3 


0.0001 


E-selectin (ng/mL) 


33 (26-42) 


29 (22-38) 


0.0003 


sVCAM (ng/mL) 


412 (340-500) 


368 (317-418) 


<0.0001 


HSP27 (pg/mL) 


644.1 (284.7-1282.0) 


571.5 (252.8-1144.0) 




Anti-HSP60 (|xg/mL) 


21.56 (11.48-37.02) 


20.47 (11.52-31.06) 


0.55 


Anti-HSP70 (jJig/mL) 


153.0 (103.4-223.4) 


171.5 (119.6-236.0) 


0.048 


NT-proBNP (pg/mL) 


73.30 (28.89-120.0) 


42.31 (26.45-84.71) 


<0.0001 



Data are means ± SD, percentage, or geometric mean (25th-75th centile) for log-transformed data. 



complication; indeed, 175 (50.7%) indi- 
viduals had both AER >20 jJtg/min and 
retinopathy; 121 (35.1%) had both AER 
>20 |xg/min and DSP; and 1 14 (33.0%) had 
AER >20 |JLg/min, DSP, and retinopathy. 
CVD was present in 139 subjects (40.3%), 
all of whom also had at least one micro- 
vascular complication. Electocardiogram- 
LVH was present in 21 case (6%) and 4 
control subjects (2.5%). 

Serum NT-proBNP was measurable 
in all the 507 samples, with right skewed 
distribution of values. The average age 
augmented progressively through in- 
creasing quartiles of NT-proBNP in both 
case and control subjects (case, 34.9, 
39.0, 40.4, and 45.3 years, P < 0.0001; 
control, 33.2, 36.2, 38.2, and 39.5 years, 
P < 0.0001). Among case subjects, NT- 
proBNP values were similar in men and in 
women (66.2 vs. 81.6 pg/mL, P = 0.14), 
while they were significantly higher 
in women than in men among control sub- 
jects (60.6 vs. 28.7 pg/mL, P < 0.0001), 
and this was not modified by further ad- 
justment for age, diabetes duration, blood 
pressure, AER, glycemic control, and 
BMI. In case subjects, the prevalence 
of both ECG-LVH and coronary heart 



disease (CHD) increased progressively 
through NT-proBNP quartiles (ECG- 
LVH 3.4, 5.1, 4.2, and 9.3%, P = 0.32; 
CHD 26.2, 22.7, 26.3, and 55.2%, P < 
0.001). This trend reached statistical sig- 
nificance for CHD (P = 0.004) and was still 
present after adjustment for age and sex 
(OR 1.40 [95% CI 1.11-1.76]). 

NT-proBNP levels were significantly 
(P < 0.0001) higher in case than in con- 
trol subjects (Table 1), and results were un- 
changed after adjustment for age and sex 
(73.44 vs. 42.42 pg/mL, P < 0.0001). In 
case subjects with DSP (P < 0.001), 
micro- and macroalbuminuria (P < 
0.0001), retinopathy (P = 0.005), or 
CVD (P < 0.001), age-and sex-adjusted 
NT-proBNP levels were also greater than 
in control subjects. 

In logistic regression analyses (Table 2), 
models adjusted for age, sex, and diabetes 
duration (model 1) showed that, relative 
to subjects in the lowest NT-proBNP quar- 
tiles (<26.46 pg/mL), those in the highest 
quartiles (>84.71 pg/mL) had signifi- 
cantly increased ORs for all complications 
as well as for each complication examined 
separately, except retinopathy. BMI had a 
negative confounding effect on all these 
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associations, and OR for retinopathy 
reached statistical significance (2.18 
[95% CI 1.03-4.60]) only after further ad- 
justment for BMI. 

In model 2, further adjustment was 
performed for main risk factors (BMI, 
HbA lc , hypertension, LDL cholesterol, 
AER, and smoking) and potential con- 
founders (eGFR and ECG-LVH). Despite 
full adjustment, all three upper NT- 
proBNP quartiles showed significantly in- 
creased ORs for all complications, and 
values of NT-proBNP >26.46 pg/mL 
were independently associated with a 
2.56-fold increased risk with respect to 
values of ^26. 46 pg/mL. Analyses per- 
formed separately for each complication 
showed that NT-proBNP values in the 
highest quartile were independently asso- 
ciated with a 3.95-fold increased OR of 
CVD, a 4.38-fold increased OR of ne- 
phropathy, and a 4.32-fold increased 
OR of DSP, which were statistically sig- 
nificant. Inclusion of CRP, IL-6, sVCAM, 
s-E-selectin, homocysteine, HSP27, anti- 
HSP70, and study center did not add 
significantly to the models or to the esti- 
mated coefficients of determinants. Adjust- 
ment for pulse pressure or proportional 
pulse pressure and exclusion of patients 
treated with diuretics (1 control and 36 
case subjects) did not modify observed 
associations. 

In contrast, after further adjustment 
for TNF-a (Table 2, model 3), NT- 
proBNP was no longer significantly asso- 
ciated with all complications and CVD. As 
regards nephropathy and DSP, trends in 
ORs across NT-proBNP quartiles were 
not significant and ORs, comparing the 
highest with the lowest quartile of NT- 
proBNP, were only marginally significant. 
Further inclusion into model 3 of either 
CRP or IL-6 did not add significantly to 
the models or to the estimated coefficients 
of predictors. TNF-ot itself was strongly 
associated with diabetes complications. 
Indeed, in model 2, ORs for log-TNF-a, 
prior to NT-proBNP inclusion, were 8.41 
(95% CI 8.41-21.16) for all complica- 
tions, 7.31 (2.63-20.28) for CVD, 7.97 
(2.71-23.39) for micro- and macroalbu- 
minuria, 8.72 (2.84-26.82) for DSP, and 
8.36 (2.64-26.51) for retinopathy. These 
ORs were virtually unmodified by NT- 
proBNP inclusion into the model. 

CONCLUSIONS In this cross 
sectional sample of type 1 diabetic patients 
from the EURODIAB PCS, we have pro- 
vided evidence of an association between 
NT-proBNP and vascular complications 
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Table 2 — ORs (95% CI) for diabetes complications by serum NT-proBNP values in the 
nested case-control study within the EURODIAB PCS 





Model 1 


Model 2 


Model 3 


All complications 


Log-NT-proBNP 


1.50 (1.18-1.92) 


1.74 (1.23-2.48) 


1.49(1.01-2.18) 


NT-proBNP (pg/mL) 










26.46-45.08 


1.63 (0.87-3.07) 


2.47 (1.00-6.11) 


1.79 (0.69-4.63) 


45.09-84.71 


1.28 (0.68-2.42) 


2.42 (0.96-6.08) 


1.75 (0.68-4.51) 


>84.71 


2.57 (1.35-4.90) 


2.85 (1.12-7.28) 


1.95 (0.72-5.24) 


NT-proBNP <26.46 pg/mL 




1.00 


1.00 


NT-proBNP >26.46 pg/mL 




2.56 (1.17-5.60) 


1.81 (0.81-4.08) 


CVD 


Log-NT-proBNP 


1.93 (1.46-2.63) 


2.13 (1.38-3.28) 


1.66 (1.02-2.70) 


NT-proBNP (pg/mL) 


<26.46 


1.00 


1.00 


1.00 


26.46-45.08 


1.68 (0.69-4.13) 


2.38 (0.76-7.52) 


1.61 (0.49-5.37) 


45.09-84.71 


1.01 (0.41-2.54) 


1.72 (0.53-5.56) 


1.15 (0.34-3.84) 


>84.71 


4.30 (1.84-2.54) 


3.95 (1.26-12.35) 


2.31 (0.69-7-69) 




NT-proBNP <26.46 pg/mL 




1.00 


1.00 


NT-proBNP >26.46 pg/mL 




2.57 (0.96-6.87) 


1.61 (0.58-4.42) 


Micro- and macroalbuminuna* 


Log-NT-proBNP 


1.80 (1.32-2.45) 


2.24 (1.31-3.82) 


2.02(1.13-3.61) 


NT-proBNP (pg/mL) 


<26.46 


1.00 


1.00 


1.00 


26.46-45.08 


1.61 (0.74-3.51) 


3.12 (0.96-10.16) 


3.44 (1.00-11.85) 


>84.71 


3.70 (1.68-8.17) 


4.38 (1.30-14.76) 


3.41 (0.97-11.93) 


P for trend 


0.003 


0.037 


0.12 


NT-proBNP <26.46 pg/mL 




1.00 


1.00 


NT-proBNP >26.46 pg/mL 




2.98 (1.11-7.95) 


2.68 (0.98-7.33) 


DSP 










NT-proBNP (pg/mL) 


<26.46 


1.00 


1.00 


1.00 


26.46-45.08 


1.64 (0.75-3.59) 


1.90 (0.62-5.87) 


1.50 (0.47-4.78) 


>84.71 


3.87 (1.80-8.31) 


4.32 (1.41-13.23) 


3.06 (0.97-9.68) 


P for trend 


0.001 


0.01 


0.05 


NT-proBNP <26.46 pg/mL 




1.00 


1.00 


NT-proBNP >26.46 pg/mL 




2.86 (1.11-7.35) 


2.12 (0.82-5.53) 


Retinopathy 










NT-proBNP (pg/mL) 


<26.46 


1.00 


1.00 


1.00 


26.46-45.08 


1.31 (0.64-2.68) 


2.67 (0.93-7.63) 


2.07 (0.69-6.27) 


45.09-84.71 


0.92 (0.45-1.88) 


1.66 (0.56-4.94) 


1.13 (0.37-3.45) 


>84.71 


1.89 (0.92-3.86) 


2.06 (0.68-6.22) 


1.28 (0.39-4.15) 


P for trend 


0.17 


0.31 


0.87 


NT-proBNP <26.46 pg/mL 




1.00 


1.00 


NT-proBNP >26.46 pg/mL 




2.16 (0.89-5.24) 


1.50 (0.59-3.77) 



Model 1: adjusted for age, sex, and diabetes duration. Model 2: model 1 plus BMI, HbA lc , LDL cholesterol, 
hypertension, smoking, log-AER, eGFR, and ECG-LVH. Model 3: model 2 plus TNF-a. *Models do not 
include AER for collinearity. 



that is dependent on circulating levels of the 
inflammatory cytokine TNF-a. 

Serum levels of NT-proBNP were 
higher in case than in control subjects, 
and logistic regression analysis showed 
that values of NT-proBNP >26.46 pg/mL 
were associated with a 2.56-fold in- 
creased risk of all complications, inde- 
pendently of renal function and risk 
factors, including ECG-LVH. This finding 
extends to type 1 diabetic patients emerg- 
ing evidence in the general population 
showing that NT-proBNP is a novel vas- 
cular risk factor (4,5). 

NT-proBNP values in the highest 
quartile distribution of the control sub- 
jects were associated with increased OR of 
CVD independently of confounders and 
known risk factors. This association is not 
surprising, as several studies have de- 
scribed it both in the general population 
and in type 2 diabetic patients (4,5,25). 
Furthermore, a prospective study has 
shown that NT-proBNP is an indepen- 
dent predictor of excess cardiovascular 
mortality in type 1 diabetic patients with 
overt nephropathy (6). The biological 
link between NT-proBNP and CVD is 
not fully understood; however, possible 
mechanisms have been proposed, such 
as activation of the cardiac natriuretic 
system by ischemic injury (26) and release 
of NT-proBNP by atherosclerotic plaques 
(27). 

NT-proBNP levels were also strongly 
associated with nephropathy and DSP. A 
previous study has shown elevated NT- 
proBNP levels in type 1 diabetic patients 
with micro- and macroalbuminuria (28). 
Furthermore, an association of NT- 
proBNP with both nephropathy and 
DSP has recently been reported in a se- 
lected group of long-term surviving type 
1 diabetic patients (7). However, poten- 
tial for selection bias attributed to the 
study design and lack of adjustment for 
BMI and renal function were important 
limits of this study (7). Therefore, our 
data provide the first convincing evidence 
of an association between NT-proBNP 
and both DSP and nephropathy. 

An original finding of our study is the 
suggestion that TNF-a may explain the 
relationship between NT-proBNP and 
vascular disease, particularly with macro- 
vascular complications. Indeed, in our 
analyses NT-proBNP was no longer inde- 
pendently associated with diabetic micro- 
and macrovascular complications after 
further adjustment for TNF-a. Further- 
more, the strong association between 
TNF-a and diabetes complications was 
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left unchanged by NT-proBNP inclusion 
into the model. In type 1 diabetic patients, 
acute hyperglycemia induces an inflam- 
matory response with a rise in TNF-a levels 
(29). In addition, a previous study per- 
formed on the cross-sectional sample of 
type 1 diabetic patients from the EURODIAB 
PCS has shown that TNF-a is indepen- 
dently associated with micro- and macro- 
vascular complications (10). Finally, 
TNF-a has pleiotropic effects in cytokine - 
mediated inflammation underlying vascu- 
lar disease. Therefore, the link between 
type 1 diabetes, TNF-a, and vascular 
disease is well established. The role of NT- 
proBNP in this setting is less clear. How- 
ever, in patients with rheumatoid arthritis, 
TNF-a blockade by treatment with 
adalimumab for 16 weeks decreased NT- 
proBNP levels by -18%, indicating that 
TNF-a can modulate NT-proBNP. 
Changes in NT-proBNP levels were inde- 
pendently related to changes in pulse pres- 
sure, an index of arterial stiffness (11), 
raising the possibility that TNF-a modu- 
lates left ventricular overload and, hence, 
NT-proBNP production by affecting arte- 
rial stiffness. However, in our study inclu- 
sion of pulse pressure into the models did 
not modify the results. A nonhemodynamic 
and direct effect of TNF-a on cardiac NT- 
proBNP production can be proposed, as in 
cultured neonatal rat cardiomyocytes 
TNF-a elicits a significant dose- and 
time-dependent increase in brain natri- 
uretic peptide mRNA and protein expres- 
sion via a P38-dependent mechanism (12). 
This is the first study providing evidence 
of a link between NT-proBNP, TNF-a, 
and vascular disease. Given the increasing 
interest in NT-proBNP as a prognostic 
marker for cardiovascular risk stratifica- 
tion (30), our results are of clinical rele- 
vance, though further studies are required 
to establish whether these findings also 
apply to the general population and 
whether they hold true in prospective 
studies. 

In control subjects, NT-proBNP val- 
ues were twofold higher in women than in 
men, in agreement with several reports in 
the general population (31,32). Experi- 
mental studies suggest that androgens 
have an inhibitory effect on natriuretic 
peptide secretion, providing a potential 
underlying mechanism (33). By contrast, 
in case subjects there was no sex-related 
difference in NT-proBNP levels. This is in 
line with a previous study in type 1 diabetic 
patients with diabetic nephropathy (6) 
but at variance with data from Grauslund 
et al. (7) in long-term surviving type 1 



diabetic patients. Differences in age, dia- 
betes duration, and study design may ex- 
plain these conflicting results. 

There are certain limitations to our 
study. This is a cross-sectional study, and 
this restricts our ability to assess temporal 
relationships between NT-proBNP, TNF-a, 
and vascular complications and to iden- 
tify underlying causal biological mech- 
anisms. However, no previous data on 
NT-proBNP in a large group of type 1 
diabetes patients exist and this study 
may serve as a reasonable starting point 
to explore the association between NT- 
proBNP and TNF-a. Patients with acute 
heart failure were not formally excluded; 
however, information on current treat- 
ment for heart disease was collected at 
the follow-up interview and exclusion of 
patients treated with diuretics did not 
modify observed associations. ECG- 
based diagnosis of LVH may have resulted 
in underestimation of the real prevalence 
of LVH because of poor diagnostic sensi- 
tivity and specificity of the method, but 
the feasibility of studying these large 
numbers of subjects by echocardiogra- 
phy was limited. A recent study has also 
shown that in type 1 diabetic patients, 
NT-proBNP is associated with left ven- 
tricular mass even in the absence of LVH 
as assessed by cardiovascular magnetic 
resonance imaging (34). This association, 
however, was specifically observed in pa- 
tients with diabetic nephropathy, and in 
our study high NT-proBNP levels in- 
creased the ORs of complications even af- 
ter adjustment for AER, eGFR, and LVH 
risk factors, reducing the probability of a 
major confounding effect of left ventricu- 
lar mass. Our definition of CVD may have 
underestimated the real number of pa- 
tients with CVD. Indeed, patients with ei- 
ther asymptomatic peripheral vascular 
disease or silent myocardial ischemia/ 
coronary artery disease and with no resting 
ECG abnormalities may have been falsely 
allocated to the control group. However, 
in diabetic patients silent myocardial 
ischemia/coronary artery disease are 
strongly associated with both peripheral 
vascular disease and microvascular com- 
plications, particularly nephropathy (35), 
and control subjects were selected to be 
free of these complications. This makes it 
unlikely that asymptomatic CVD signifi- 
cantly affected both group allocation and 
results. In addition, myocardial ischemia 
is a known inducer of NT-proBNP; there- 
fore, potential misclassification in both case 
and control subjects would have led to an 
underestimation of the true association of 



NT-proBNP with CVD. The number of 
control subjects was lower than the overall 
number of case subjects, thus reducing the 
power of analyses; comparisons between 
control and case subjects with single com- 
plications allowed a more favorable case- 
to-control ratio, but multiple comparisons 
within the same case-control study base 
might have caused significant results 
due to chance. Although serum samples 
were adequately stored, the possibility 
of protein degradation cannot be ex- 
cluded; however, random misclassifica- 
tion would have biased downward our 
estimates, without affecting significant as- 
sociations. Unlike previous studies, a key 
strength here is the ability to account for 
confounding by other risk factors and 
complications, and the large sample size 
provides sufficient power for these anal- 
yses. In addition, our patients were from a 
representative sample of people with type 1 
diabetes across Europe, and our results, 
therefore, are likely to be generalizable. 

In conclusion, our results provide 
evidence of an association between NT- 
proBNP and micro- and macrovascular 
complications in type 1 diabetic patients 
that may be explained by TNF-a. Further 
studies are required to determine causal 
relationships and elucidate underlying 
mechanisms. 
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